A comparative investigation was carried out on the reproducibility of staphylococcal bacteriophage types at 100 routine test dilution (RTD) and at the conventional concentrations, RTD (4, 7, 8, 12) , it has been shown that phage typing with a single concentration had important advantages over the concentrations now used (RTD, often followed by retyping with 1,000 RTD) without entailing any significant disadvantages. In many laboratories, a single concentration of phages, 10 RTD or 100 RTD, is employed. The single concentration can only be recommended for use in routine typing on the assumption that the reproducibility of types is not diminished when compared with the conventional concentrations.
A comparative investigation was carried out on the reproducibility of staphylococcal bacteriophage types at 100 routine test dilution (RTD) and at the conventional concentrations, RTD and 1,000 RTD. The comparison includes multiple typing of laboratory strains and duplicate isolates from hospital patients. No significant difference was found in the reproducibility of the types at the different concentrations. A single concentration corresponding to 100 RTD is recommended for routine use in phage typing as a possible substitute for typing with two different concentrations.
The use of routine test dilution (RTD) in bacteriophage typing of Staphylococcus aureus was developed on an empirical basis in the light of experience obtained when phage typing Salmonella typhi. In previous investigations (4, 7, 8, 12) , it has been shown that phage typing with a single concentration had important advantages over the concentrations now used (RTD, often followed by retyping with 1,000 RTD) without entailing any significant disadvantages. In many laboratories, a single concentration of phages, 10 RTD or 100 RTD, is employed. The single concentration can only be recommended for use in routine typing on the assumption that the reproducibility of types is not diminished when compared with the conventional concentrations.
It has previously been maintained (5, 6 ) that the stability of the types does not seem to be less at the higher concentration, including 100 RTD, than at lower concentrations. Zierdt and March (12) suggested that the reproducibility of the types increased with 100 RTD, as compared with RTD. However, it has not been possible to find any systematic investigation of this problem in the literature.
In the present study we have carried out a comparative investigation of the reproducibility of the types at the concentrations in question. The Analyses of the following cultures were carried out: (i) Cultures for in vitro investigation (laboratory material). Six hospital-isolated strains, maintained in the laboratory, were chosen for in vitro studies. The cultures were selected after routine typing so that they represented the three most important lytic groups as well as different grades of susceptibility to the typing phages. Three of them could be typed at RTD, and the other three only at 1,000 RTD, after conventional typing.
A 4-hr broth culture from a single colony was divided into five equal parts. The five parts from the APPL. MICROBIOL. same strain were typed simultaneously at RTD or 1,000 RTD and at 100 RTD. A drop from each of the five parts was transferred to another broth tube. These were stored at room temperature overnight. The next day they were incubated at 37 C for 4 hr, then typed as described. Typing was carried out on 5 successive days. A total of 25 typings was performed on each strain, with both phage concentrations.
( We obtained 200 pairs of samples which satisfied these criteria, of which 105 were isolated from identical sources and 30 from different sites on the same day. The remaining 65 pairs of samples were isolated from the same patient on different days and from different sources.
When analyzing types, no notice was taken of the weaker reactions, except, as mentioned previously, on selection of identical strains. Because the intention of this study was to compare reproducibility of patterns at 100 RTD with the reproducibility at conventional concentrations, we have not separated patterns obtained at RTD from patterns obtained at 1,000 RTD.
RESULTS
The laboratory material and the patient material were assessed separately. The same princi- This confirms the accuracy of the criteria used for selection of identical strains with variant patterns from the clinical material.
The variation of types during a single day and from day-to-day was also investigated. Some of the cultures, especially numbers 1 and 2, showed greater deviations from the most frequently observed type on some days. The distribution of these days was random. Variation from day-today was slightly greater than within a single day. This is in agreement with previous observations (9) . No differences were observed in these findings at the different concentrations.
Duplicate cultures isolated from the same patient containing the same strain were selected for in vivo investigation. We selected a total of 200 comparable pairs of samples. The deviation between the patterns of the comparable samples at the respective concentrations is shown in Table 3 samples considered to be identical strains after phage typing at the different phage concentrations was not significantly different.
Variation of phage pattern in this group seems to have been larger than that found in the laboratory strains, thus agreeing with the findings of Williams and Rippon (10). The variation seems to have been especially great when the samples were taken on different days, regardless of whether or not they were isolated from the same site. It should be remembered that the laboratory material is not directly comparable to the patient material.
DIscussIoN
The reproducibility of S. aureus phage types seems to be of the same standard at the different concentrations of phage used for typing in this investigation. It is especially interesting that results obtained by typing of clinical material indicate that the reproducibility of phage types is at least as good at 100 RTD as at the conventional concentrations, RTD and 1,000 RTD. It was, however, not possible to find a significantly better reproducibility at 100 RTD than at RTD, as previously reported by Zierdt and March. (12) We found that the stability of phage types of the different strains was very variable. The degree of variation seemed to depend on several factors.
Strains belonging to the lytic groups I and II were rather more stable, whereas strains in group III showed more variation. The nature and source of the strains also influenced the stability of patterns. The time factor seemed especially important, both in laboratory and in clinical material investigated in this study. A more marked deviation between the patterns was observed when the strains were isolated at different times. This is in agreement with investigations previously carried out at conventional concentrations, (9, 11) . All these factors had the same effect and about the same degree of effect at the different concentrations compared in this study.
It can be concluded that reproducibility of phage types is at least as good at 100 RTD as it is at RTD and 1,000 RTD, and that this factor does not contraindicate the use of a single concentration of bacteriophage corresponding to 100 RTD. As has been shown earlier (4, 8, 11) , one would avoid the occurrence of all major false reactions and the inconvenience of operating with two groups of types obtained by typing at different concentrations which are not easily comparable.
